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Subject-Specific Metadata for Engineering

Starting point

 very heterogeneous subjects, methods,

tools already within NFDI4Ing
* high variability of setups

* no subject-specific standards available

www.digitalbevaring.dk
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Subject-Specific Metadata for Engineering

Goals / requirements
1. General

«  Standardization

*  Machine-actionability
2. Local perspective

«  Flexibility

«  Specificity

. Ease of use + benefits
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Global perspective
Interoperability
High reusability

Broad applicability
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Flexibility, Specificity, Interoperability

Modular approach |

. . mass
Define schemata using controlled

terminology as building blocks

time

-> “Application Profiles”
acceleration

velocity
Terminology 1

power concentration
Application Profile A

voltage viscosity

voltage velocity

current gradient

viscosity :
resistance time flow
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Flexibility, Specificity, Interoperability, Reusability

Treat metadata for separable realms independently

e.g., separate information for:
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Object of Research
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etc.

7

Tool

smaller “micro”-schemata and terminology classes

will be combined for “full” description

« can be referenced by each other

enable high flexibility and specificity

increase applicability, reusability and manageability
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Flexibility, Specificity, Interoperability, Reusability
non-modular — non interoperable “macro” schemata / classes

Methode 1 Methode 2

Simulation von #

Verbrennungsprozess

Experimentelle Messung
von Verbrennungsprozess

modular — interoperable “micro” schemata / classes

Methode 1 Methode 2

Simulation #

Object of Research 1

Experimentelle Messung

Object of Research 2

Verbrennungsprozess Verbrennungsprozess
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Flexibility, Interoperability, Reusability

modular: referencing network of “micro” schemata / classes

— Seite

Processing Step

ID: 00000001

Input: some dataset ID
Output: some dataset |
Performer: 00000003
Method: 00000002

Method

ID: 00000002
Name: NMR Spectroscopy

Person

ID: 00000003
Name: Max Mustermann

Tool: 00000004

Tool

ID: 00000004
Name: spectrometer XY
Manufacturer: ...
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Interoperability, Specificity, Applicability, Reusability

Hierarchical approach

Inheritance concept

« Specific schemata / classes are derived as extensions from more generic ones
« Children inherit all elements from parents (like object oriented programming)
« Gradual process, multiple hierarchical levels

« Related schemata / classes always overlap via their closest common parent

* Reuse possible at highest applicable level of specificity

parent child
cutlery spoon
weight ; weight
Sa inherited
total length total length

pick-up volume
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Interoperability, Specificity, Applicability, Reusability

Microstructure development Natural phenomenon

Generic hardware

Industrial process Human-made process

PhysicalSystem
StructureMechanicsModel e Sy -

Monbiological object m

Manufactured object

Process Test bench

Measurement equipment Thermal camera

Object of research | Tool M
Computer hardware

veros | L [T

Mechanical object

Existing software

Building element

Self-developed software

Software library
Orthogonal decomposition ; : ; .
Data transformation l Data generation Sample preparation Data analysis

Averaging (time/space)

e

Deposition of fibers Statistical analysis

Signal analysis

Analytic theory Measurement sensor acquisition

physical characterisation
: - o : - chemical analysis
Agent-based Simulation Numeric Simulation Monte-Carlo simulation
Spectroscopy
— Seite Micmsc;opy

Computational Modeling Datafimage mining

Modelling / model building
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Example — Describing a Numerical Simulation

Method

DaiaGeneration

+ measuredyariable
+ controlledVariable
+ spatialResolution
+temporalResolution

ComputationaiModeliing

+ MathematicalModel

NumerncSimulation

+ EquationType
+ MumericalModel

NumericalModel

+ Order

+ Method

+ BoundingConditions
+ exact

+ Solver

+ Terms

+ PhysicalSystem

iza

ObservedSystem

\ Object of Research

+ Parameter
+ Component

M

iz a

PhysicalSystem

+ FuntherReference

“ 1 J

+ ReynoldsMumber

L
StructureMechanicsModel

+YoungsModulus
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Terminology development

Parallel development of terminology and application profiles

Short-term
» Application profiles
« Fast and flexible
« DIY possible

Long-term

 Develop, manage &
curate ontologies

* Ontology look-up

term suggestions,
statistics, templates

7\

Application
Profiles

\__/
building blocks

Terminologies
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Supporting Infrastructure

Terminology Service
« Data mappings for data integration, exploration, semantic search, visualization

Generator (via AIMS)
« Create application profiles by selecting terms from vocabularies

« Feedback with terminology service for collaborative vocabulary creation
* provisional terms possible = term suggestions

Repository for metadata standards (via AIMS)
« Store and index application profiles
« Can be re-loaded into generator for adaptation

Metadata Hub (via AIMS)

« Repository for metadata sets describing actual research data stored elsewhere
« Suitable GUIs constructed ad hoc based on selected standard
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Related Projects

NFDI4Ing

« will include services implemented within AIMS
* adds formalized Terminology Service as new, central component

Applying Interoperable Metadata Standards (AIMS)

A Platform for Creating and Sharing Metadata Standards and their Integration into Scientific
Workflows in Mechanical Engineering and Related Disciplines

« DFGLIS
« collaboration between TU Darmstadt and RWTH Aachen University
« implements infrastructure indicated on previous slide
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The end
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